Objective: Data collection 'silos' can be linked for health research. Anaemia in early childhood is a long-recognised health issue in remote Aboriginal communities of the Northern Territory and Western Australia, but information is lacking for Queensland. The objective of this work was to compile existing information from health and education data collections to investigate anaemia among Aboriginal and Torres Strait Islander mothers and their children in Far North Queensland.
C entralised data collections are potentially rich resources for public health research; however, their value is limited if the data is held in isolation from other relevant information sources. 1 The term 'data silos' has been used to describe such isolated data collections. 2 Linkage of data silos for longitudinal and intergenerational research can have particular advantages in respect of time and cost. 1,2 Here, we describe the process and results of our work to access and link existing data collections to investigate anaemia among Aboriginal and Torres Strait Islander mothers and their children in Far North Queensland.
Anaemia is a long-recognised problem among Aboriginal and Torres Strait Islander preschool and school-aged children of remote communities in the Northern Territory and Western Australia. [3] [4] [5] [6] [7] Recent reports indicate that anaemia in pregnancy is also prevalent. 8 In remote Far North Queensland, most of the population (n=14,107 [71.5%]) is made up of Aboriginal and Torres Strait Islander people. 9 Similar issues with anaemia might be expected; however, there is currently no information to clarify the situation.
Anaemia is defined as low blood haemoglobin levels, measured in grams per litre (g/L). Cut-offs vary by age, sex and life stage and may be further adjusted for smoking and for locations at high altitude. The World Health Organization recommended cut-offs are the most commonly used (six months up to five years <110 g/L; 5-11years <115 g/L; 12-14 years <120 g/L; non-pregnant women 15 years and older <120g/L; pregnant women <110g/L, men 15 years and older <130 g/L). 10 In many countries, including affluent countries such as Canada, the United States and Australia, anaemia is higher among the Indigenous populations compared with the general population. 11 This was shown in the recent Australian national health survey that identified participants who were at risk of anaemia. 12 Among Australian Aboriginal and Torres Strait Islander adults, 7.6% were at risk of anaemia, which is almost double the prevalence (4.5%) among non-Indigenous Australians (age adjusted rate ratio 1.9 14 Among all Australians, the risk of anaemia increases with lower incomes, and is higher among women than among men. 15 Infection, inflammation and genetic conditions can cause anaemia. 16 However, deficiencies of iron and/or other nutrients remain the most common cause of anaemia among women and young children worldwide. 17 In the Northern Territory, the positive response to treatment with iron supplements for anaemic pre-school-aged and schoolaged children indicates that iron deficiency is the cause of childhood anaemia in that setting. 7, 18 In early life, the principal source of iron for the rapidly growing infant is not breastmilk or infant formula but the iron endowed to the child by the mother, mostly during the last ten weeks of pregnancy. 19 Anaemia of a mother in pregnancy is strongly associated with early onset anaemia of her child. 20 For reasons that are not yet clear, maternal diabetes in pregnancy is also associated with early onset anaemia in the child. 21 Anaemia has negative effects on the health of pregnant mothers, ranging from increased fatigue to increased risk of post-partum haemorrhage. 22 These effects, however, vary depending on the stage of gestation and severity of anaemia. Excessively high haemoglobin levels are also associated with poor pregnancy outcomes. 23 In young children, anaemia can compromise both health and development. 24, 25 Anaemia in early childhood may have long-term negative effects, with lower levels of educational attainment during school years. 26, 27 These detrimental effects can persist even when anaemia has been treated. Consequently, effective prevention of anaemia is important, especially in the first 1,000 days of life − through pregnancy to around two years of age -when growth and development are most rapid. 24, 28 The work described here has created linked records for mother-baby pairs from before pregnancy, through pregnancy, from birth, and through early childhood up to school entry using existing data collections. These linked intergenerational longitudinal records will be used to investigate anaemia among Aboriginal and Torres Strait Islander children and their mothers in Far North Queensland. This report describes the methods used to secure this information and the resultant data collection.
Methods
An overview of the planned research and the associated key variables by life-stage is shown in localities using Ferret and the year when the Ferret system was rolled out are shown in Figure 1 .
Scope
The geographic reach is Far North Queensland ( Figure 1 ). The information was collected over 15 years, from 2000 to the end of 2015.
Study design and participants
The planned research will be a retrospective cohort study. 
Assessment of data quality and of selection bias
For this report, data quality was assessed by considering the proportion of missing data and implausible values. Comparisons with census information on population numbers and ethnicity were made to assess data completeness and possible selection bias.
An additional comparison was made in respect of mothers and newborns of the 2009 and 2010 birth cohort. These mothers and babies came from both remote and nonremote localities in Far North Queensland. All of these babies had a record on the Perinatal Data Collection (PDC) but, as the Ferret system was used mainly in remote localities, a subset (n=728, 37.1%) of these children had a Ferret record as well as a PDC record. The mothers and babies where the child had a Ferret record were compared with the mothers and babies where the child did not have a Ferret record. These comparisons were made to assess if relying on information from the Ferret data system would introduce any systematic bias in the subsequent analysis. 
Definitions of key characteristics

Results
The process of approvals, data extraction and preparation of the linked data took 23 months from ethics approval. Six interim releases were made as data became available, at the researchers' request. Supplementary Figure 1 .
Key descriptive information for these 337 mothers and their babies at birth is shown in Table 2 . Children who were the second baby (n=154) or third baby (n=1) born to the same mother in that two-year period and 16 babies who 
and 2010 birth cohort
The locations where the Ferret system was used, as shown in Figure 1, were the second-born of twins are excluded from this report, leaving information for 1,965 unique mother-child pairs. The process of exclusions and results of linkage with the other data collections are shown in Figure 2 . Descriptive information for these mothers and their babies (n=1,965) and for the subset of mothers and babies (n=728) with longitudinal information from the Ferret system is shown in Table 2 .
Data quality and completeness
The quality and completeness of the data provided varied between different data sources with different variables, as shown in 
Comparisons with census information
Data completeness was also assessed by comparison of child numbers and information on the ethnicity of mothers with census information for remote areas. 
Cape York Child Growth cohort
Discussion
The work described here has resulted in a dataset with longitudinal intergenerational information for 2,205 Aboriginal and Torres Strait Islander mother-child pairs from prior to pregnancy, through pregnancy, from birth and through early childhood to the first year of school, recorded over a period of 15 years. The process of obtaining these data was lengthy (23 months) but was much less time than the 15-plus years required for a prospective study with an equivalent timespan.
The release of earlier versions, as each stage of linkage was completed, enabled the researchers to become familiar with the dataset. This process allowed gaps and errors to be identified and rectified. Preparatory analysis -of child growth parameters, for example -was undertaken prior to the release of the completed linkage file.
Comparisons with census information showed consistency in respect of child participant numbers and the ethnic mix of mothers from remote localities. 34 Differences in regional boundaries used by various government entities meant it was difficult to make similar comparisons for non-remote locations. However, the comparison between those mothers and babies where the child had a subsequent Ferret record and those where the child did not have a Ferret record was effectively a comparison of remote and non-remote participants. These comparisons found few differences, apart from remote residence, ethnicity and diabetes in pregnancy. These findings reflect the high Ferret coverage in the Torres Strait where the incidence of diabetes in pregnancy is particularly high. 35 The researchers will analyse the data to investigate anaemia among these Aboriginal and Torres Strait Islander mothers and their children. Risk factors for early childhood anaemia that relate to the health of mothers will be explored (age, parity, anaemia, iron status and glucose tolerance) and factors relating to the child (birth weight, gestational age, early infant feeding, rate of growth). Information on early childhood development indicators at school entry will be used to assess the consequences of early childhood anaemia.
There were some issues of data quality and completeness, although reductions in missing values over time indicate ongoing quality improvement. For the analysis, we will use the STATA statistical package (Stata version 13, StataCorp, Lakeway Drive, College Station, Texas) to enable us to conduct multivariable analysis, with and without data imputation, to gauge the impact of missing information on the outcome measures. 36 An inquiry by the Productivity Commission into the use of existing data collections recommended greater transparency and changes in the legal framework to increase accessibility, which may shorten the time required for approval processes in future. 37 However, access to existing data collections entails ethical and legal considerations including issues of privacy and confidentiality that require time for proper consideration. This is particularly true for research relating to Aboriginal and Torres Strait Islander peoples. 38 The recently endorsed Australian National Digital Health Strategy should provide a framework for integrated health service data systems, replacing the current data silos. 2 In Far North Queensland, there has been an increase in community-controlled health service providers in recent years. An integrated health service data system will have benefits for service provision with to David Woodman for data extraction, to Vikki Tierney, Paula Lush and Cherie Blofield for information on the rollout of Ferret, and to Rosemary Schmidt for support for Public Health Act applications.
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Implications for public health
The work described in this report has secured a dataset of linked information from four health data collections and one education data collection, which will be a valuable resource in investigating the issue of anaemia among Aboriginal and Torres Strait Islander mothers and their children in Far North Queensland. This report illustrates how the linkage of existing data resources can provide intergenerational information for health research. However, the true value of the resultant data collection will be demonstrated by the subsequent planned research and reporting. To use a nutrition-related analogy, the proof of the pudding will be in the eating.
